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couplingstrengthofmolecules ∼1m e V,andthusthetransportprocessis ∼1010timesfasterthanthe














Ineffectwearereinitialisingthesystemtosomestate ∣ 〉 j s (althoughofcoursethischoiceisnotpurelyrandom,
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wherethecoherenttransportisgivenbytheHamiltonian
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Here,ρisthestateofthenetwork,σ =∣〉 〈∣
+ eg i i andσ =∣〉 〈∣
− ge i i areladderoperatorsdescribingtransitions
betweenthegroundstate∣〉 g andtheexcitedstate∣ 〉 e ofthesite-i,〈〉 ij , denotestwoconnectedsites,Jisthe
couplingstrength, − p 1 andparetherelativeweightingsofthequantumandclassicalprocesses( ⩽⩽ p 0 1)
[22,23,53],theconstantλ = 2, 4, 6for1Dchain,2Dsquare,andthree-dimensional(3D)cubiclattices,
respectively,andΓisthestrengthoftheexitcouplingfromthenetwork.Notethatwedonotneedtoexplicitly
includethereactioncentresdepictedinﬁgure1inourmodel.
Oursingle-excitationsubspaceisspannedby ∣〉 i { } s ,wherethestate σ ∣ 〉= ∣〉






failedtoexitthenetwork, ρσ σ = ∑ =













locatedatarandomlychosensite,sothatcurvesarecomputedusinganinitialρ = ∑ ∣〉 〈∣ −





Γ = J 3 .In(a),thegreenlinecorrespondstothepurecoherenttransportcasep=0,theredlinecorrespondstothepureCHcasep=1,
andblacklinesrepresents =… p 0.1, 0.2, , 0.9frombottomtotop,respectively.In(b),onecanﬁndthattheaveragedwellingtimeis
minimisedataﬁniteCHrate ≃ p 0.03.
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NewJ.Phys.17(2015)013057 YLietalForthe1Dchain,theaveragedwellingtimefordifferentCHratespisshowninﬁgure2(b).Wenotethatthe














where π =+ kn N (1 ) , =… n N 1, 2, , ,andaisthelatticeconstant.Theeigenenergyofthestate∣ 〉 k mis
=− − E pJ k 2(1 ) cos k ,andthecorrespondinggroupvelocityis∣ ∣= ∣ ∂ ∂ ∣ va E k kk g, .Therefore,awavefunction
formedfromstatesinthemiddleofthebandhasahighgroupvelocity δ ∣ ∣≃ − − πδ + vp J a k 2(1 ) (1 2) k g, 2
2 ,
whileasuperpositionofstatesattheedgeofthebandhasalowgroupvelocity δ ∣ ∣∣ ∣ ≃ − δπ δ − vv p J a k ,2 ( 1 ) kk g, g, .
Supposethatatt=0ourexcitationisatsitei,theninvertingequation(7)weseethatinthemomentumbasis







⎡ ⎣ ⎤ ⎦
 ρδ ρ +≃ δδ δ δ − tt t () e e e( ) e . ( 8 ) t t Ht Ht ii e
Inthesingle-excitationsubspace,theeffectofCHcanbeexpressedas
 ∑ ρρ ρ ρ ≃+ + δ () EE E E E E e, ( 9 ) t
ij







































leavethenetwork,i.e.thelatticesize.Noticethatthisimpliesthatinthelimit → ∞ N ,theoptimalrate → p 0.In
otherwords,forverylargeorderedlatticesweexpectthattheclassicalnoisemechanismdescribedherewillno
longerbeadvantageous.
Inﬁgure3weshowhowthemomentumdistribution ρ =∣ 〉 〈 ∣ P kk Tr ( ) km evolvesovertime,startingfroma
broadinitialdistributioncorrespondingtoasiteeigenstate∣ 〉 i s.Forthepurelyquantumlimitp=0oneﬁndsthat













performedon1D,2Dand3Darrays.Inallcasesweobservea N 1 scalingoftheoptimalnoiselevel,whereNis
thelineardimensionofthearray.Thisisfullyconsistentwiththeexpectationthatthephenomenonof
momentumrejuvenationappliestoregularnetworksofanydimension.
Tobespeciﬁc,weshouldinfactanticipatethatthequantity − pp (1 )willscaleinthisway,accordingtothe
followingreasoning:theeffectiverateatwhichwereinitialisethemomentumdistributiongoeswithpJ,butthe
rateatwhichthequantumcoherentevolutionoccursisproportionalto − pJ (1 ) ,seeequation(2).Thusthe



































eventwithperiodτis τ P() n.Therefore,roughlyspeaking,thepopulationinthenetworkdecayswitharate
γ ττ =− P ln ( ) dis .ForthechainwiththesizeN=40showninﬁgure2,weextractamaximumofthedecayrate















￿ A2Darray ×+ N N (1 ) with > N 4andtheexitinacorner.















dimensionalsquarelattices,toruslatticeswithN×Nsites,andrectanglelatticeswith ×+ N N (1 ) sites,and(c)three-dimensional
cubiclatticeswith ×× N NN sites.TheoptimalCHratedependsonthepositionoftheexitsite.Theexitsiteisplacedattheendon
chainlatticesandacorneronsquare,rectangular,andcubiclatticesasexamples.OptimalCHratesgivenbytheaverageremaining
populationforallpossiblepositionsoftheexitsitearealsoconsideredforchainandsquarelattices.Thecurvesareobtainedbyﬁtting











Letusassumethateachlatticesitepossessesanadditionalexcitedstate ∣ ′〉 e (seeﬁgure 5(a)).Thesehigher
excitedlevelsformasecondexcitedtierofthenetwork,whichwillingeneralexperiencedifferenthopping
strengths ′ J .Forsimplicityletusassumefornowthatnoclassicalnoiseispresentandthatthecouplingstrength
′ J isnegligiblecomparedtoJ.(Notethatonly ′≠ J J isarequirementforthecontrolprotocoldescribedhere,but
thepresentassumptionmakesthefollowingargumentparticularlystraightforward.)Asaresult,wehavepurely
quantumtransportinthelowerexcitedmanifoldspannedbythe∣ 〉 e i levels,governedbythehamiltonian2
withp=0.
Letωbetheenergydifferencebetween∣ 〉 e and∣ ′〉 e ;theapplicationofglobaldrivingﬁeldswithfrequencies
ω ± J 2 willthendrivetransitionsbetweenlowvelocity∣ 〉 e states(indicatedbyredcirclesinﬁgure5(a))and ∣ ′〉 e
states.Atthesametime,high-velocitytransitionsaredetunedandthussuppressed.ThedrivingHamiltonianis
givenby






wheretheRabifrequencyΩisproportionaltotheintensityoftheappliedﬁeld,andσ =∣′ 〉 〈∣
′+ ee i i and
σ =∣〉 〈′ ∣



























Figure5.(a)Levelstructureofmoleculeswithdriventransitionsbetweentheexcitedstate∣ 〉 e andthehigherexcitedstate∣ ′〉 e .Because
ofthehoppingcoupling,a‘conduction’bandwiththewidth J 4 isformedaroundtheenergyofthestate∣ 〉 e .(b)Colourmapshowing
thepopulationsassociatedwithmomentumeigenstatesPkonanetworkwithdrivingﬁelds;asinﬁgure3(whichsharesthesame
colourscale),aone-dimensionalchainlatticewithN=40sitesisconsideredasanexample.Here,theRabifrequencyΩ = J 0.3 and






















+ Nk 2( 1 )s i n fortheeigenstate∣ 〉 k m.Hence,thereisnostrictquantumlockingintheseuniformchains
( π << k 0 ).However,insuchachainallstateswithakcloseto0orπareonlyveryweaklycoupledtotheexit























Ak i i ¯ 2
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where π =− kn N (1 ) ; =… − n N 0, 2, , 1; == − A A 12 N 11 , = ≠− A 1 iN 1, 1 ; == π CC12 0 and
= π ≠ C 1 k 0, .Theeigenenergyofthestate ∣ 〉 k ¯ mis =− − E pJ k ¯ 2(1 ) cos k .Fortheamplitudeofthestate ∣ 〉 k ¯ mon
theexitsiteoneﬁnds − N 1 2( 1) if π = k 0, and − N 1 1 if π ≠ k 0, .Therefore,alleigenstatesareequally





























Here,theon-siteenergyϵi andquantumhoppingstrengthJij , neednotbeallidentical,butweassumethat
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i
is
wheretheamplitude = c 0 i forall  ∪ ∈ i .Here,theset containsthefourcornersites,andtheset
containsallothersitesontheperimeter.Furthermore,weuse′todenotesitesonanimaginedinnerperimeter
(bluesitesinﬁgure D1),allofthesearecoupledtoperimetersites.Since,∣ 〉 LS s isaneigenstate,
〈∣ ∣ 〉= iH Ec LS , ss i LS whereELSistheeigenenergyofthelockedstate.Forperimetersitesin,
 〈∣ ∣ 〉∣ =− ∈′ ′ iHLS J c ss i i i i , ,wherethesite  ′∈ ′ i istheonlyoff-perimetersitecoupledtotheperimetersite-i.




















Cubic (1.071,1.51) (−0.8898,0.001 22)
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